ABSTRACT: Assignments of electronic bands in the high resolution photoelectron spectrum of the VO 2¯a nion obtained via slow electron velocity-map imaging are discussed in light of a recent theoretical paper that questioned them and proposed an alternate assignment.
the electronic 3 B 1 → 2 A 1 transition, which rather surprisingly is not a one-electron detachment process. The multireference character of these states was invoked to explain this assignment but was not proven." Instead, they assign band X to the Ã3A 1 → X̃2A 1 transition shown in Figure 1 . Given the content of Figure  1 , it is clear that we did not deliberately assign Band X to a forbidden photodetachment transition, in direct contradiction to the oft-repeated statement in the Hendrickx paper. Moreover, at no point in our paper did we invoke a multireference argument to explain our assignment of band X, although we did show that such effects could explain band B, and presented numerical results in support of this argument, which would seem to constitute "proof". In light of these considerations, we present more details from electronic structure calculations to test the validity of our band assignment. We first examine the relevance of the one-electron rule. This is an approximation that arises from Koopman's theorem. To first order, the neutral states generated by photodetachment result from removing single electrons out of various anion molecular orbitals, and thus if a neutral state is not accessible in this way from the anion, it does not appear as a band in the photodetachment spectrum. This picture breaks down when there is significant electron correlation or when the anion and neutral orbitals are not aligned. Figure 2 shows our calculated 10a 1 , 11a 1 , and 4b 1 orbitals for VO 2 − and VO 2 . To obtain a consistent set of orbitals for each charge state, these orbitals are from state-averaged CASSCF calculations. The orbitals by Hendrickx and Tran are optimized for each state, but a meaningful comparison of orbital occupations is facilitated by the use of the same orbitals between different states, as provided in state-averaged calculations. These use the same active space and basis set as those described in our paper, but at a fixed geometry with a VO bond length of 1.62 Å and a OVO bond angle of 110°, rather than the equilibrium anion BPW91 geometry, to better serve as a compromise between the various neutral states. The neutral calculations are stateaveraged over the low-lying Figure 2 shows, the 10a 1 anion and neutral orbitals are very similar to one another, as are the 11a 1 and 4b 1 orbitals. Projecting the neutral orbitals to the anion MO basis (Table 1) , we can see that although there is mixing of orbital character due to relaxation, the 10a 1 , 11a 1 , and 4b 1 orbitals are qualitatively similar in anionic and neutral VO 2 .
We next consider the molecular orbital configurations contributing to the various anion and neutral electronic states. The results from our CASSCF calculations are shown in Table  2 Table 2 , the anion MO configuration is the same in the two papers, but their MO configuration for the neutral X̃2A 1 state differs from ours (and in fact is close to what we find for the neutral B̃2A 1 state), although they find it to have largely single-reference character. The origins of these discrepancies are unclear at this time.
Turning now to experimental considerations, we cool the anions to approximately 10 K to minimize contributions in the SEVI spectrum from vibrational hot bands and electronically excited anion states. 4 The VO 2 − SEVI spectra show no evidence for vibrational hot bands, and since the lowest frequency anion vibrational mode, ∼270 cm , is comparable to the calculated term energy of the anion Ã3A 1 state, 5 we would expect a negligible contribution to the SEVI spectrum from this state. If one were ignore this point and accept the key results from the Hendrickx paper, namely the presence of both anion states, their MO configurations, and minimal multireference effects, then there would be four fully allowed one-electron transitions within the energy range accessed by the SEVI spectra: the X̃3B 1 → Ã2B 1 and X̃3B 1 → B̃2A 1 transitions and the two oneelectron transitions on the right-hand side of Figure 1 . The X̃3B 1 → B̃2A 1 and Ã3A 1 → B̃2A 1 transitions would be in the vicinity of band B, separated by the anion term energy. However, we observed only one band in this spectral region, and only three bands in total were seen. Finally, our Franck− Condon calculations and those by Hendrickx and Tran disagree slightly on the match of the 3 B 1 or 3 A 1 states for the originating anion of the X band. Although their calculations were at a more sophisticated CCSD(T) level, the overall differences in the simulations are minor and within the error of even high-level calculations. 
